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Abstract: We suggest a new particle model based on the symmetry group S77(3)c<8> 
SU(2) L <g> SU{2) V ® SU{2) R ® U{l) B - L <g> SU(3) F <g> U(1) N . The family symmetry 
and the high-energy left-handed and right-handed isospin subgroups are respectively 
broken by some flavon and Higgs fields one after another. At the low-energy scale the 
super- heavy fermions are all integrated out, the model finally leads to an effective 
theory with the standard model symmetry group. After the electroweak breaking 
all the fermion mass matrices are elegantly characterized only by six parameters. 
The model can perfectly fit and explain all the current experimental data about the 
fermion masses and flavor mixings, in particular, it finely predicts the first generation 
quark masses and the values of 6[ z , (nipp) , J^ p in neutrino physics. The results are 
all promising to be tested in future experiments. 
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I. Introduction 

The precise tests for the electroweak scale physics have established plenty of 
knowledge about the elementary particles pp. The standard model (SM) has been 
evidenced to be indeed a very successful theory at the current energy scale [2]. 
However, one of the SM defects is that too many parameters exist in the Yukawa 
sector. This leads that fermion masses and flavor mixings seem intricate and ruleless. 
The researches on this field always attract great attention in particle physics[3]. 
In particular, during the past decade a series of new experiment results about B 
physics and neutrino physics tell us a great deal of information about flavor physics 
[I]. What deserves to be paid special attention are some facts as follows. The mass 
spectrum of quarks and charged leptons emerges a large hierarchy, which ranges 
from one MeV to a hundred GeV or so [lj. The left-handed neutrinos have been 
verified to have non-zero but Sub-eV masses [5J, nevertheless, that their nature is 
Majorana or Dirac particle has to be further identified by experiments such as 0^/3/3 
[5]. On the other hand, the flavor mixing in the quark sector is distinctly different 
from that in the lepton sector. The former has small mixing angles and its mixing 
matrix is close to an unit matrix [7J, whereas the latter has bi-large mixing angles 
and its mixing matrix is close to the tri-bimaximal mixing pattern [8]. In the lepton 
mixing, it is yet in suspense whether sinOis is zero and the CP violation vanishes 
or not 0. These impressive puzzles are always expected to be explained by new 
theories beyond the SM. The issues in the flavor physics implicate great significance. 
They are not only bound up with origin of matter in the universe [10] , but also they 
are possibly in connection with the genesis of the matter-antimatter asymmetry and 
the original nature of the dark matter jTTJ . 

Any new theory beyond the SM has to be confronted with the diverse intractable 
issues mentioned above, however, Some theoretical models have been proposed to 
solve them [12]. For instance, the Froggatt-Nielsen mechanism with U(l) family 
symmetry can account for mass hierarchy [13]. The discrete family group A4 can 
lead to the tri-bimaximal mixing structure of the lepton mixing matrix |14] . The 
non-Abelian continuous group SU(3) is introduced to explain the neutrino mixing 
[15] . By means of the family group SO (3) in [IE], the model accommodates success- 
fully the whole experimental data of quarks and leptons. In addition, some models 
of grand unification (GUT) based on 50(10) symmetry group can also give some 
reasonable interpretation for fermion masses and flavor mixings [17] . Although these 
models seem successful in explaining some flavor problems, it seems very difficult 
for them to solve all the flavor problems all together. It is especially hard for some 
models to keep to the principle of the smaller number of parameters. It remains to 
be a large challenge for theoretical particle physicists to uncover these mysteries of 
the flavor physics. 

In this works, we consider a new approach to solve the above problems and 
construct a model with fewer parameters. First of all, we believe that there is some 
inherence relations among all kinds of fermion mass and mixing parameters. The 
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family symmetry SU (3) p, which is a family symmetry group of the three generation 
fermions, is appropriate for seeking the relations. In addition, we introduce some 
super-heavy fermion and flavon fields which appear only at the high-energy scale. 
They have Yukawa couplings with the low-energy fermions of the SM . The different 
super-heavy fermions are distinguished by an appended Abelian group U(1)n- On 
the other hand, the left-right symmetry group SU(3) c ®SU(2) l ®SU(2) r ®U(1) B -l 
is theoretically well- motivated extension of the SM symmetry group [32]. We extend 
the left-right symmetry group to include a new subgroup SU(2)l>, which is a high- 
energy isospin symmetry group of the left-handed super-heavy fermions. The model 
goes through three steps of breakings. The family symmetry SU(3)p ® U(1)n is 
firstly broken at the flavon dynamics scale. It is accomplished by means of the 
flavon fields developing the special vacuum structures. Secondly, the subgroups 
SU(2) L i eg) SU(2) R <S> U{1)b-l are broken at the middle energy scale. Lastly the 
electroweak symmetry is broken at the electroweak scale. The last two breakings are 
implemented respectively by the arranged high-energy and low-energy Higgs fields. 
After integrating all the super-heavy fermions out, the low-energy effective theory is 
elegantly obtained. All the fermion mass matrices are clearly given and characterized 
only by the six parameters. Finally, the theoretical structures of the model can 
naturally give rise to the correct fermion mass spectrum and flavor mixing angles. 
All the numerical results are very well in agreement with the current experimental 
data. 

The remainder of this paper is organized as follows. In Section II we outline the 
model. In Sec. Ill, the symmetry breaking procedure is introduced and the fermion 
mass matrices are discussed. In Sec. IV, we give the detailed numerical results 
about the fermion masses and flavor mixings. Sec. V is devoted to conclusions. 



II. Model 

We now outline the model. It is based on the symmetry group SU {3)c®SU (2) l® 
SU{2) l ,®SU{2) r ®U{1)b-l®SU{3) f ®U{1) n . Among them, SU{3) C and SU{2) L 
are the color and left-handed weak isospin subgroups of the SM at the low energy 
scale. The subgroups SU{2)y ® SU{2) R ® U(1) R -l are the left-handed and right- 
handed isospin and B-L symmetry group at the high energy scale. The family sym- 
metry at the higher energy scale is characterized by the subgroups SU (3)f®U(1)n- 
The particle contents and their quantum numbers under the model symmetry group 
are listed as follows. The low-energy matter fermion fields are 

<^=(!f ) ~ (3,2,1,1,^,3,0), Q R =(^ U J^j ~ (3, 1,1, 2, 1,3,0), 

L L =y^j -(1,2,1,1,-1,3,0), L R =(^ U e *J -(1,1,1,2,-1,3,0), (1) 

where the letters a and % are respectively family and color indices. The left-handed 
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and right-handed fermion fields are in the respective doublet representations under 
the subgroups SU(2) L and SU(2) R . The quarks and leptons are respectively triplet 
and singlet under the color subgroup SU(3) C , and also they have the different B-L 
quantum numbers. In any case, the three generation fermions are in 3 representa- 
tion of the family subgroup SU(3)f , moreover, they don't have any charges of the 
subgroup U(1)n . 

We introduce some super-heavy fermion fields as follows, all of which are pos- 
sessed the super-heavy masses and appear only in the very high energy circum- 
stances. The super-heavy quarks are 



Vol ~ 


(3,1,2,1,^,3,-1), 


VOR ~ 


(3,1,1,2,1,3, 


-6), 


Vil ~ 


(3,1,2,1,^,3,0), 


VlR ~ 


(3,1,1,2,1,3, 


-1), 


V2L ~ 


(3,1,2,1,1,3,1), 


V2R ~ 


(3,1,1,2,1,3, 


-2), 


V3L ~ 


(3,1,2,1,1,3,2), 


V3R ~ 


(3,1,1,2,1,3, 


-4), 


V4L ~ 


(3,1,2,1,1,3,4), 


V4R ~ 


(3,1,1,2,1,3, 


-3), 


V5L ~ 


(3,1,2,1,1,3,3), 


V5R ~ 


(3,1,1,2,1,3, 


-5), 



and the super-heavy leptons are 





(1,1,2, 


1, 


-1,3,0), 


£lR ~ 


(1,1,1,2, 


-1, 


3, 


-1), 


6l ~ 


(1,1,2, 


1, 


-1,3,1) , 


~ 


(1,1,1,2, 


-1, 


3, 


-2), 




(1,1,2, 


1, 


-1,3,-2). 


£,3i? ~ 


(1,1,1,2, 


-1, 


3, 


-4), 




(1,1,2, 


1, 


-1,3,2), 


t,4R ~ 


(1,1,1,2, 


-1, 


3, 


-3), 




(1,1,2, 


1, 


-1,3,5), 


~ 


(1,1,1,2, 


-1, 


3, 


-5). 



In comparison with the super-heavy quark fields, the super-heavy lepton fields have 
not the £ol and £or terms. All the super-heavy fermions are singlets under SU(2)l- 
Their left-handed fields are doublets under the left-handed isospin group SU(2)l>, 
meanwhile, the right-handed fields are doublets under the right-handed isospin group 
SU(2) R . Each super-heavy fermion fields has their respective quantum numbers of 
U(1)n- However, their color, B-L and family quantum numbers are the same as 
those of the low-energy fermions. 
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The Higgs fields in the model include 




(4) 



In addition, we also introduce Qi = T2il*T2 (i = 1, 2, • • • ,5). Here and thereinafter 
T i, r 2,T~3 are Pauli matrices. The Higgs field H is responsible for the electroweak 
symmetry breaking at the low-energy scale. The Higgs fields 6 and f2j play roles in 
breaking of the high-energy symmetry subgroups SU(2) L > <g> SU(2) R ® U(1) B -l- 
We finally introduce the super-heavy scalar flavon fields 



$ -(1,1,1,1, 0,1,1), Fx~ (1,1, 1,1, 0,8, -3), F 2 ~(l,l,l,l,0,8,2), 
F 3 -(1,1,1,1, 0,8, -4), F 4 -(1,1,1,1, 0,8, 4), F 5 - (1, 1, 1, 1, 0, 8, 3) , 
F 6 ~ (1,1,1,1,0,6,0), F 7 ~ (1,1, 1,1, 0,6,-1), F 8 ~ (1,1, 1,1, 0,6, -2). (5) 



Under the family subgroup SU (3) p, $o is a re& l singlet representation, and F 1 , • • • , F 5 
are all hermitian octet representations, and F 6 , ■ ■ ■ ,F 8 are all complex symmetric 
sextet representations. In addition, these flavon fields have different charges of 
U(1)n ■ They are responsible for the family symmetry breaking. 

Under the model symmetry group, the gauge invariant Yukawa couplings in the 
quark sector are such as 



where y q is the uniform and only Yukawa coupling coefficient in the quark sector and 
it should be ~ ^(1), in addition, is a dynamics scale of the family symmetry. 




+ h.c. , 



(6) 
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Below the scale A F , all the flavon fields develop the vacuum states, and consequently 
the family symmetry is broken. The Yukawa couplings in the lepton sector are 
similarly written as 



&i = Vi 



— - L L H£ 1R + — — £ 1L VI2LR + —j- £il f^LR 
Ap Ap A F 



,^4 j? ^5 

+ ^4" L l H£ 3 r + — £ 3L VL^Lr + -jj- £ 3L {I2&R 



F 
$3 



F A — 



F 



$5 F 5 $0 ~ 

+ ^5- L l H£ 5 r + — £ 5L VL^Lr + -jj- £ 5L f^Csi? 



F 

+ h.c. , 



(7) 



likewise, y\ is the uniform and only Yukawa coupling coefficient in the lepton sector 
and it is ~ ^(1). In comparison with the quark sector, the lepton sector is short 
of the terms related to £ol and £or , i n addition, these Higgs fields coupled with 
£,3L,£,4L,£,5L are different from those in the quark sector. These differences play 
key roles in generating the distinct masses and mixings of the quarks and leptons. 
Finally, the right-handed leptons have the characteristic Majorana-type couplings 



5£rm — UrLr 0* 



$0 F 7 



A F + A F A F + A F A F 



A~ f Lr - 



(8) 



where tjr is also a coupling coefficient, and it is ~ Here we have left out the 

charge conjugation matrix C sandwiched between two spinor fields, hereinafter so 
does. The Majorana couplings will generate Majorana masses of the right-handed 
neutrinos after the doublet Higgs 6 develops the vacuum expectation value (VEV). 



III. Symmetry Breakings and Fermion Mass Matrices 

The model symmetry breakings go through three stages. The first step of the 
breaking chain is that the subgroups SU(3)p<S>U(l) n break to nothing, namely which 
means that the family symmetry vanishes. This is accomplished by the flavon fields 
$0; F\i " " " 5-^8 developing VEVs which are slightly larger than the scale . The 
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specific vacuum structures of the flavon fields are as follows 



A P 




(^3)_ (F 4 )_ n 1 W_ -1 I ¥ 



(<*>0> 











°1 


1. 


1 











-1 

4 


( 


-1 

4 
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1 






2 


' 











1 


-1 





-1 


1 



2 





(9) 



All of the matrix elements, which are almost ~ <^(1), are determined by the vacuum 
structures. The only one undetermined value is e , which is the ratio of the family 
symmetry scale to the singlet flavon field VEV. We consider that ($o) is two orders of 
magnitude higher than , thus Eq should be a small quantity about ~ 1CT 3 . 
It can be seen from (9) that the breakings of Fi,Fq,F? occur along direction of 
the subgroup S3 in the family space, which is a permutation group among three 
generation fermions. The F 2 and F$ breakings are in the direction of the subgroup 
5*2 (2 -H- 3 permutation), while the F 3 breaking is in the direction of the subgroup 
S' 2 (1 -H- 2 permutation). The breakings of F4 and F5 result in the family symmetry 
being lost eventually, moreover, their imaginary elements are also sources of the 
C and CP violation. Of course, these vacuum structures should essentially be 
determined by the self-interaction potential of every flavon field. Here we do not go 
into detailed discussion about them, but accept the specific breaking mode since it 
turns out to be a great success in fitting experimental data later. 

The second step of the breaking chain is that the subgroups SU(2)l> ® SU(2)r® 
U(l) b-l break to U (l)y . This is achieved by the high-energy Higgs fields Qi, ■ ■ ■ , Q5 
and 6 developing VEVs at the scale A R as follows 



(fii) / -2 \ (n 2 ) ( -6 \ (ft 3 ) ( 3 



Ar \ 2 ; ' A R V - 6 J ' A fi V 1 

(oo /2 o\ (n 5 ) ( \ (0) (1 



a r o r Ar V - 1 J ' a r V 



(10) 



The breaking scale A^ should be an intermediate value between the family breaking 
scale Ap and the electroweak breaking scale. Therefore it is far smaller than the scale 
A F and also far larger than the electroweak scale. The Higgs vacuum structures are 
of course determined by their self-interaction potential. The new subgroup U(l)y 
is a linear combination from the original subgroups U(1)jl>, U(1)jr and U(1)b-l- 

3 3 

Their charge quantum numbers are related by the formula 

l = tf + # + ^- (11) 
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Below the scale , the model remaining symmetry is namely the SM symmetry 
group. Now it can be seen from the Lagrangian (6), (7), (8) that all of the super- 
heavy fermions achieve Dirac masses, and that the right-handed neutrinos generate 
Majorana masses. Because all of the super- heavy fermion masses are far greater 
than their couplings with the SM fermions, at the low energy all of them are actually 
decoupling. After all the super-heavy fermions are integrated out from the original 
Lagrangian, then an effective Yukawa Lagrangian is derived as 



with Yukawa coupling matrices and Majorana mass matrix of the right-handed neu- 
trinos 



where / is a 3x 3 unit matrix and each Fk is respectively the corresponding matrix 
in (9) (note F$ = F 2 ) . This low-energy effective theory, which is valid until the 
scale A R , has two Higgs doublets. They are from the H decomposition under the 
subgroups SU {2) L ®U {1)y • In addition, there are also three right-handed Majorana 
neutrino singlets. Their masses are about the magnitude of A r /e1A r , which should 
be slightly smaller than the scale A R . It is very clear from (13) that there are indeed 
some inherence relations among this set of Yukawa coupling matrices. They have 
three notable characteristics. First, every Yukawa coupling matrix is expanded^ by a 
power series of Eq , thus it's elements show themselves large hierarchy. The F 3 and 
F 2 terms, namely the £q and terms, respectively dominate the third and second 
generation fermion masses. The rest of terms make main contributions to the first 
generation fermion mass. Second, the structure features of the Yukawa coupling 
matrices lead that the transformation matrices diagonalizing Y u , Yd and Y e are all 
close to unit matrices. By contrast, Yd has no the F 3 term, so the transformation 
matrix diagonalizing it is approximately the tri-bimaximal mixing pattern. This is 
the principal source of generating distinct flavor mixings for quarks and leptons. 
Third, in all there are only four independent parameters Eq, y q , y\ and y R A R /Ap in 



■^Yukawa ~ Ql H 2 Y u U R + Ql H 1 Y d d R + L L Hi Y e e R 

1 rp 

+ L L H 2 Y D vr - - v R M R v R + h.c. 



(12) 




(13) 
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the effective theory. Among them, e is the only one parameter influencing the flavor 
mixing matrices except for those terms related to the I matrix. Other parameters 
are only some product factors in the matrices of (13), so they have no effect on the 
flavor mixings. 

The last step of the breaking chain is that the subgroups SU(2)l <8> U(l)y break 
to U(l) em , namely electroweak symmetry breaking. It is implemented by the low- 
energy Higgs fields Hi and H 2 developing VEVs at the electroweak scale A L as 
follows 



(Hi) / \ (H 2 ) ( sin(3 



At ' \ cos(3 r A L V 



(14) 



where tanf3 is the ratio of the up-type VEV to the down-type VEV. The electroweak 
breaking gives rise to Dirac masses of all the quarks and leptons, furthermore, the 
tiny Majorana masses of the left-handed neutrinos are generated by the see-saw 
mechanism since Mr 3> [19j. The whole fermion mass terms are eventually 
written as 

-^mass =ulM u u r + d L M d d R + e~[ M e e R 

1 1 

+ -VZM U V? + -v T R M R v R + h.c. (15) 

with the mass matrices 

M u = -A L sin/3 Y u , M d = -A L cos/3 Y d , 
M D = -A L sinf3 Y D , M e = -A L cosf3 Y e , 
M v = -MnM^Ml . (16) 

Two new parameters and tan/3 are now added into the model besides the fore- 
going four parameters. It can be seen from (13) and (16) that Al dominates mass 
scales of the quarks and the charged leptons, while tan(3 is responsible for mass 
splits of the up-type and down-type fermions. Anyway, they have no influence on 
the flavor mixings, the mass hierarchy and the flavor mixings are still controlled only 
by 6q . In a word, these mass matrices properly embody all the information that is 
about fermion mass hierarchy, flavor mixing and the CP violation. 

In virtue of the model's intrinsic characteristics, the Dirac-type mass matrices are 
all hermitian and the Majorana-type mass matrices are all complex symmetry. All 
of fermion mass eigenvalues are therefore solved by diagonalizing the mass matrices 
as follows 

Ul M u U u = diag (m u , m c , m t ) , \j\ M d U d = diag (m d , m s , m b ) , 
U\ M e U e = diag (m e , m M , m T ) , XJ\ M v Ul = diag (m 1 ,m 2 , m 3 ) , 
Ul M R U r = diag (Mi, M 2 , M 3 ) . (17) 
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It can easily be calculated from(9), (13) and (16) that since the F 3 and F 2 terms 
are respectively the leading and next-to-leading terms in the mass matrices, the 
second and third generation quark and charged lepton masses have the approximate 
solutions such as 

m c ss y g A L sinf3(e - el) , m t & y q A L sinf3(e + 1) , 
m s « y q A L cos(3{e + 3 e 2 ) , m b « y q A L cos(3{e - -) , 

"fy « yi A L cos(3(e - 9e 2 Q ) , m r » y, A L cos/3(e + -) . (18) 

y 

In the leading approximation, it can be seen further that there are the mass relations 

— ^e , — ^-3e , — ~9£ - (19) 
m t nib m r 

However, the first generation quark and charged lepton masses have no such simple 
analytic expressions about their approximate solutions since they depend on all the 
terms in the mass matrices. Finally, the flavor mixing matrices for the quarks and 
leptons are respectively given by (20] 

U ] u U d = Uckm , U\ U u = U PMNS diag (e^ 1 , , l) , (20) 

where fti, 02 are two Majorana phases in the lepton mixing matrix. The mixing an- 
gles and CP- violating phases in the unitary matrices Uckm and Upmns are worked 
out by the standard parameterization in particle data group p] . 



IV. Numerical Results 

In this section, we present numerical results of our model. As is noted earlier, 
the model totally involves six independent parameters, namely one ratio Eq , and 
two Yukawa coefficients y q and yi , and two electroweak breaking parameters 
and tan(3 , and one combined parameter ypA 2 R /Ap- Once this set of parameters are 
chosen as the input values, we can calculate the various output values of the fermion 
masses and flavor mixings by the foregoing results. Of course, all the output results 
can be compared with the current and future experimental data. 

First of all, the electroweak breaking scales is only one product factor in the 
mass matrices. It is not truly a free parameters in Yukawa sector but rather should 
be determined in the gauge sector. The accurate measures about weak gauge boson 
masses and gauge coupling constant have given A^ = 174 GeV. Secondly, the other 
five parameters are verily relevant to the fermion flavor issues. They can only be 
determined by fitting the experimental data in Yukawa sector and neutrino physics. 
We choose a set of the following values as input 

e = 0.00748, y q = 0.98 , yj = 1.139, 

tan/3 = 13.24, = 1.91 x 10 4 GeV . (21) 

A F 
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All the values are completely consistent with the prior estimate. However, both of 
the Ar and values are actually unknown. We only estimate their combined value 
A 2 R /A F ~ 10 4 GeV. As a result, A R will be 10 10 GeV if A F is at the GUT scale 10 16 
GeV. Finally, a variety of the numerical results predicted by the model are in detail 
listed the following. 

For the quark sector, all of mass eigenvalues and mixing angles are (mass in GeV 
unit) 

m u = 0.00253, m c = 1.27, m t = 171.3; 
m d = 0.00475 , m s = 0. 105 , m h = 4. 19 ; 

sf 2 = 0.2254 , s| 3 = 0.0417 , sf 3 = 0.00360 , 5 q = 0.379 vr « 68.2° , (22) 

where s a p = sin6 a p . Moreover, the Jarlskog invariant measuring the CP violation 
is calculated to 

J^p « 3.06 x 10~ 5 . (23) 

The above results are very well in agreement with the current measures about the 
quark masses and mixing as well as the CP violation [TJ. In particular, the first 
generation quark masses are finely forecast although their precise values have not 
been measured so far. 

For the lepton sector, the parallel results are 

m e = 0.5116 MeV, m„ = 105.6 MeV , m r = 1777 MeV; 

mi = 3.0 x 10" 4 eV, m 2 = 8.76 x 10" 3 eV , m 3 = 4.95 x KT 2 eV ; 



s^ 2 = 0.560, s^3 = 0.676, s{ 3 = 0.0576 , 

S l = -0.0058 Ti, /3i = 0.53vr, f3 2 = 0.017 tt . (24) 

The charged lepton masses are almost identical with those in the particle list |T] . For 
the light left-handed neutrinos , some quantities related directly to the experimental 
data are particularly calculated such as 

Am 2 21 w 7.66 x 10" 5 eV 2 , Am 2 2 w 2.37 x 10~ 3 eV 2 , 
sin 2 6[ 2 w 0.314 , sin 2 6^ w 0.457 , sin 2 6 l lz w 0.0033 , 
(rapp) w 2.7 x 10~ 3 eV , J l CP w -2.4 x 10~ 4 , (25) 

where Am^ = m 2 — , and 



m i (c' 2 Ci3 e<A ) 2 + m2 ( s i2Ci 3 e i/32 ) 2 + m 3 (s{ 3 e 



(26) 



is the effective Majorana mass for neutrinoless double beta decay. These results 
are excellently in agreement with the recent neutrino oscillation experimental data 
211. The heaviest one of the left-handed neutrino masses is less than 0.05 eV. The 



11 



value of # 13 is predicted to be ~ 3.3°. It is rather small but nonzero. In addition, 
there is also small CP-violating effect in the lepton sector because the three CP- 
violating phases are all non-vanishing values. The J^ P value is predicted to be one 
magnitude higher than that in the quark sector. The value of (mpp) is only of the 
order of 10~ 3 , therefore it is very difficult to detect Qpf3f3. Although measures about 
these quantities are still great challenges in the future neutrino experiments, we have 
confidence that all the predictions are promising to be tested in the near future. 
Finally, we also give the heavy right-handed neutrino masses (in GeV unit) 

M 1 = 3.5xl0 8 , M 2 = 1.7xl0 9 , M 3 = 1.8 x 10 11 . (27) 

It is clear that their mass scale is nearly the middle point between the electroweak 
scale and the GUT scale. However, these right-handed Majorana neutrinos are too 
heavy to be found at the present colliders. Maybe they are possibly hunted in cosmic 
rays [22]. 

To sum up the above numerical results, the model accurately fits the total twenty- 
five values about fermion masses and flavor mixings only by the six parameters. All 
the current measured values are exactly reproduced by our model, meanwhile, all 
the non-detected values are finely predicted in experimental limits. All the results 
are naturally produced without any fine tuning. That set of the mass matrices 
derived from the family symmetry and its breaking are key for the success of the 
model, among them, the parameter e plays a leading role. It is not only a source of 
the fermion mass hierarchy but also influences the flavor mixings, so it is actually a 
fundamental quantity in the model. 

V. Conclusions 

In the paper, we have suggested a new particle model based on the symmetry 
group SU(3) C ® SU(2) L ® SU{2) V ® SU(2) R ® U(1) B -l ® SU(3) F ® U(1) N . By 
means of the introduced super-heavy fermion, flavon and Higgs fields, the model 
carries out the two steps of breakings, namely the family symmetry breaking and 
the high-energy isospin symmetry breaking one after another. After the super- 
heavy fermions are all decoupling, we obtain the low-energy effective theory with 
the SM symmetry group. All the Yukawa coupling matrices show some regular 
structures and inherence relations. Among other things, the two key factors are 
the parameter e an d the specific flavor structures which all stem from the family 
symmetry and it's breaking. After the electroweak breaking, all the fermion mass 
matrices are characterized only by the six parameters. The model can perfectly fit 
and explain all the current experimental data about the fermion masses and flavor 
mixings, in particular, it finely predicts the first generation quark masses and the 
values of 9[ 3 , (rripp), Jq P in neutrino physics. On all accounts, the model has only 
fewer parameters but shows a great prediction power, moreover, all the results are 
excellent and encouraging. This approach perhaps enlightens us on solving the flavor 
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puzzles of the elemental fermions. Finally, we expect all the results to be tested in 
future experiments on the ground and in the sky. The experiments will undoubtedly 
provide us some important information about the flavor physics, and also help us 
to understand finely the mystery of the universe. 
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